
APPENDIX G

RECOMMENDED PROCEDURES FOR PREPARING
WHOLE FISH COMPOSITE HOMOGENATE SAMPLES



APPENDIX G

APPENDIX G

RECOMMENDED PROCEDURES FOR PREPARING WHOLE
FISH COMPOSITE HOMOGENATE SAMPLES

G.1 GENERAL GUIDELINES

Laboratory processing to prepare whole fish composite samples (diagrammed
in Figure G-1) involves

• Inspecting individual fish for foreign material on the surface and rinsing if
necessary

• Weighing individual fish

• Examining each fish for morphological abnormalities (optional)

• Removing scales or otoliths for age determination (optional)

• Determining the sex of each fish (optional)

• Preparing individual whole fish homogenates

• Preparing a composite whole fish homogenate.

Whole fish should be shipped on wet or blue ice from the field to the sample
processing laboratory if next-day delivery is assured. Fish samples arriving in
this manner (chilled but not frozen) should be weighed, scales and/or otoliths
removed, and the sex of each fish determined within 48 hours of sample
collection. The grinding/homogenization procedure may be carried out more
easily and efficiently if the sample has been frozen previously (Stober, 1991).
Therefore, the samples should then be frozen (≤-20 °C) in the laboratory prior
to being homogenized.

If the fish samples arrive frozen (i.e., on dry ice) at the sample processing
laboratory, precautions should be taken during weighing, removal of scales
and/or otoliths, and sex determination to ensure that any liquid formed in thawing
remains with the sample. Note: The liquid will contain target analyte
contaminants and lipid material that should be included in the sample for
analysis.
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Composite equal weights (g) of 
homogenized fillet tissues from the 

selected number of fish (200-g)

Seal and label (200-g) composite 
homogenate in appropriate container(s) 
and store at ≤-20 °C until analysis (see 
Table 7-1 for recommended container 

materials and holding times).

Log in fish samples using COC procedures

Unwrap and inspect individual fish

Weigh individual fish

Remove and archive scales and/or otoliths for age determination (optional)

Determine sex (optional); note morphological abnormalities (optional)

Save remainder of fillet
homogenate from each fish

Seal and label individual fillet 
homogenates in appropriate 
container(s) and archive at 
≤-20 °C (see Table 7-1 for 
recommended container 

materials and holding times).

Remove scales from all scaled fish Remove skin from scaleless fish (e.g., catfish) 
 

COC = Chain of custody.

Fillet fish

Weigh fillets (g)

Homogenize fillets

Divide homogenized sample into quarters, mix opposite
quarters, and then mix halves (3 times)

Optional

Figure G-1. Laboratory sample preparation and handling for
whole fish composite homogenate samples.
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Table G-1. Recommendations for Container Materials,
Preservation, and Holding Times for Fish, Shellfish, and Turtle

Tissues from Receipt at Sample Processing Laboratory to Analysis

Analyte Matrix
Sample

container

Storage

Preservation
Holding

time a

Mercury Tissue (whole
specimens,
homogenates)

Plastic,
borosilicate

glass, quartz,
and PTFE

Freeze at <-20 °C 28 daysb

Other metals Tissue (whole
specimens,
homogenates)

Plastic,
borosilicate

glass, quartz,
and PTFE

Freeze at <-20 °C 6 monthsc

Organics Tissue (whole
specimens,
homogenates)

Borosilicate
glass, quartz,

PTFE, and
aluminum foil

Freeze at <-20 °C 1 yeard

Metals and
organics

Tissue (whole
specimens,
homogenates)

Borosilicate
glass, quartz,

and PTFE

Freeze at <-20 °C 28 days
(mercury; 6
months; (for
other met-
als); and 1
year (for

organics)

Lipids Tissue (whole
specimens,
homogenates)

Plastic,
borosilicate

glass, quartz,
PTFE

Freeze at <-20 °C 1 year

PTFE = polytetrafluoroethylene; Teflon.
a Maximum holding times recommended by U.S. EPA (1995b).
b This maximum holding time is also recommended by the Puget Sound Estuary Program (1990e).

The California Department of Fish and Game (1990) and the USGS National Water Quality
Assessment Program (Crawford and Luoma, 1993) recommend a maximum holding time of 6
months for all metals, including mercury.

c This maximum holding time is also recommended by the California Department of Fish and Game
(1990), the 301(h) monitoring program (U.S. EPA, 1986), and the USGS National Water Quality
Assessment Program (Crawford and Luoma, 1993). The Puget Sound Estuary Program (1990)
recommends a maximum holding time of 2 years.

d This maximum holding time is also recommended by the Puget Sound Estuary Program (1990).
The California Department of Fish and Game (1990) and the USGS National Water Quality
Assessment Program (Crawford and Luoma, 1993) recommend a more conservative maximum
holding time of 6 months. The EPA (1995a) recommends a maximum holding time of 1 year at
≤-10 °C for dioxins and dibenzofurans.
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The thawed or partially thawed whole fish should then be homogenized
individually, and equal weights of each homogenate should be combined to form
the composite sample. Individual homogenates and/or composite homogenates
may be frozen; however, frozen individual homogenates must be rehomogenized
before compositing, and frozen composite homogenates must be rehomogenized
before aliquotting for analysis. The maximum holding time from sample
collection to analysis for mercury is 28 days at ≤-20 °C; for all other analytes, the
holding time is 1 year at ≤-20 °C (Stober, 1991). Recommended container
materials, preservation temperatures, and holding times are given in Table G-1.
Note: Holding times in Table G-1 are maximum times recommended for holding
samples from the time they are received at the laboratory until they are
anaylzed. These holding times are based on guidance that is sometimes
administrative rather than technical in nature; there are no promulgated holding
time criteria for tissues (U.S. EPA, 1995b). If States choose to use longer
holding times, they must demonstrate and document the stability of the target
analyte residues over the extended holding times.

G.2 SAMPLE PROCESSING PROCEDURES

Fish sample processing procedures are discussed in more detail in the sections
below. Each time custody of a sample or set of samples is transferred from one
person to another during processing, the Personal Custody Record of the chain-
of-custody (COC) form that originated in the field (Figure 6-8) must be completed
and signed by both parties so that possession and location of the samples can
be traced at all times (see Section 7.1). As each sample processing procedure
is performed, it should be documented directly in a bound laboratory notebook
or on standard forms that can be taped or pasted into the notebook. The use
of a standard form is recommended to ensure consistency and completeness of
the record. Several existing programs have developed forms similar to the
sample processing record for whole fish composite samples shown in Figure
G-2.

G.2.1 Sample Inspection

Individual fish received for filleting should be unwrapped and inspected carefully
to ensure that they have not been compromised in any way (i.e., not properly
preserved during shipment). Any specimen deemed unsuitable for further
processing and analysis should be discarded and identified on the sample
processing record.

G.2.2 Sample Weighing

A wet weight should be determined for each fish. All samples should be
weighed on balances that are properly calibrated and of adequate accuracy and
precision to meet program data quality objectives. Balance calibration should be
checked at the beginning and end of each weighing session and after every 20
weighings in a weighing session.
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Figure G-2. Example of a sample processing record for fish contaminant monitoring
program—whole fish composites.
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Fish shipped on wet or blue ice should be weighed directly on a foil-lined
balance tray. To prevent cross contamination between individual fish, the foil
lining should be replaced after each weighing. Frozen fish (i.e., those shipped
on dry ice) should be weighed in clean, tared, noncontaminating containers if
they will thaw before the weighing can be completed. Liquid from the thawed
sample must be kept in the container as part of the sample because it will
contain lipid material that has separated from the tissue (Stober, 1991).

All weights should be recorded to the nearest gram on the sample processing
record and/or in the laboratory notebook.

G.2.3 Age Determination

Age provides a good indication of the duration of exposure to pollutants (Versar,
1982). A few scales or otoliths (Jearld, 1983) should be removed from each fish
and delivered to a fisheries biologist for age determination. For most warm
water inland gamefish, 5 to 10 scales should be removed from below the lateral
line and behind the pectoral fin. On softrayed fish such as trout and salmon, the
scales should be taken just above the lateral line (WDNR, 1988). For catfish
and other scaleless fish, the pectoral fin spines should be clipped and saved
(Versar, 1982). The scales, spines, or otoliths may be stored by sealing them
in small envelopes (such as coin envelopes) or plastic bags labeled with, and
cross-referenced by, the identification number assigned to the tissue specimen
(Versar, 1982). Removal of scales, spines, or otoliths from each fish should be
noted (by a check mark) on the sample processing record.

G.2.4 Sex Determination (Optional)

To determine the sex of a fish, an incision should be made on the ventral
surface of the body from a point immediately anterior to the anus toward the
head to a point immediately posterior to the pelvic fins. If necessary, a second
incision should be made on the left side of the fish from the initial point of the
first incision toward the dorsal fin. The resulting flap should be folded back to
observe the gonads. Ovaries appear whitish to greenish to golden brown and
have a granular texture. Testes appear creamy white and have a smooth texture
(Texas Water Commission, 1990). The sex of each fish should be recorded on
the sample processing record.

G.2.5 Assessment of Morphological Abnormalities (Optional)

Assessment of gross morphological abnormalities in finfish is optional. This
assessment may be conducted in the field (see Section 6.3.1.5) or during initial
inspection at the central processing laboratory prior to filleting. States interested
in documenting morphological abnormalities should consult Sinderman (1983)
and review recommended protocols for fish pathology studies used in the Puget
Sound Estuary Program (1990).
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G.2.6 Preparation of Individual Homogenates

To ensure even distribution of contaminants throughout tissue samples, whole
fish must be ground and homogenized prior to analyses.

Smaller whole fish may be ground in a hand crank meat grinder (fish < 300 g)
or a food processor (fish 300-1,000 g). Larger (>1,000 g) fish may be cut into
2.5-cm cubes with a food service band saw and then ground in either a small or
large homogenizer. To avoid contamination by metals, grinders, and
homogenizers used to grind and blend tissue should have tantalum or titanium
blades and/or probes. Stainless steel blades and probes have been found to be
a potential source of nickel and chromium contamination (due to abrasion at high
speeds) and should be avoided.

Grinding and homogenization of biological tissue, especially skin from whole fish
samples, is easier when the tissue is partially frozen (Stober, 1991). Chilling the
grinder/homogenizer briefly with a few chips of dry ice will reduce the tendency
of the tissue to stick to the grinder.

The ground sample should be divided into quarters, opposite quarters mixed
together by hand, and the two halves mixed back together. The grinding,
quartering, and hand mixing should be repeated two more times. If chunks of
tissue are present at this point, the grinding/homogenizing should be repeated.
No chunks of tissue should remain because these may not be extracted or
digested efficiently. If the sample is to be analyzed for metals only, the ground
tissue may be mixed by hand in a polyethylene bag (Stober, 1991). Homogeni-
zation of each individual fish should be noted on the sample processing record.
At this time, individual whole fish homogenates may be either composited or
frozen and stored at ≤-20 °C in cleaned containers that are noncontaminating for
the analyses to be performed (see Table G-1).

G.2.7 Preparation of Composite Homogenates

Composite homogenates should be prepared from equal weights of individual
homogenates. If individual whole fish homogenates have been frozen, they
should be thawed partially and rehomogenized prior to compositing. Any
associated liquid should be maintained as a part of the sample. The weight of
each individual homogenate that is used in the composite homogenate should
be recorded, to the nearest gram, on the sample processing record.

Each composite homogenate should be blended by dividing it into quarters,
mixing opposite quarters together by hand, and mixing the two halves together.
The quartering and mixing should be repeated at least two more times. If the
sample is to be analyzed only for metals, the composite homogenate may be
mixed by hand in a polyethylene bag (Stober, 1991). At this time, the composite
homogenate may be processed for analysis or frozen and stored at ≤-20 °C (see
Table G-1).
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The remainder of each individual homogenate should be archived at ≤-20 °C with
the designation "Archive" and the expiration date recorded on the sample label.
The location of the archived samples should be indicated on the sample
processing record under "Notes."

Table G-2. Weights (g) of Individual Homogenates
Required for Screening Study Composite Homogenate Sample a

Number of
fish per
sample

Total composite weight

100 g
(minimum)

200 g
(recommended)

500 g
(maximum)

3 33 67 167

4 25 50 125

5 20 40 100

6 17 33 84

7 14 29 72

8 13 25 63

9 11 22 56

10 10 20 50

a Based on total number of fish per composite and the total composite weight required for
analysis in screening studies. The total composite weight required in intensive studies
may be less if the number of target analytes is reduced significantly.

It is essential that the weights of individual homogenates yield a composite
homogenate of adequate size to perform all necessary analyses. Weights of
individual homogenates required for a composite homogenate, based on the
number of fish per composite and the weight of composite homogenate
recommended for analyses of all screening study target analytes (see Table 4-1)
are given in Table G-2. The total composite weight required for intensive studies
may be less than in screening studies if the number of target analytes is reduced
significantly.

The recommended sample size of 200 g for screening studies is intended to
provide sufficient sample material to (1) analyze for all recommended target
analytes (see Table 4-1) at appropriate detection limits, (2) meet minimum QA
and QC requirements for the analyses of replicate, matrix spike, and duplicate
matrix spike samples (see Section 8.3.3.4), and (3) allow for reanalysis if the QA
and QC control limits are not met or if the sample is lost. However, sample size
requirements may vary among laboratories and the analytical methods used.
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Therefore, it is the responsibility of each program manager to consult with the
analytical laboratory supervisor to determine the actual weights of composite
homogenates required to analyze for all selected target analytes at appropriate
detection limits.
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